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0 {Method and apparatus for analyzing a web of materiaL 



® A metfiod and apparatus for generating in real 
time full widtii formation proflies of a web (12) of 
material which passes between a light source (10) 
and a camera which generates signals correspond- 
ing to the light intensity across the entire width of 
the web as compared to single point or sample 
measurements. These signals are then processed to 
generate in real time a full width formation profile of 
the web. 
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Method And Apparatus For Analyzing A Web Of Material 



The present invention is directed toward pro- 
viding a method of, and apparatus for. analyzing 
the formation of a web of material. 

In the nonwoven and paper industries, webs of 
material are produced at very high rates of speed. 
An important consideration in such manufacture Is 
the monitoring of the formation of the web. The 
quality of the non-woven paper material is always 
important to the quality of the end product pro- 
duced. 

Formation to most web manufacturers is the 
degree of uniformity achieved in the distribution of 
the fiber mass within the web. A well formed web is 
one where the fibers are very randomly dispersed 
throughout Well formed webs are usually stronger 
and have better appearance, which is important to 
the end user. 

Good formation Is especially Important to non- 
woven and paper manufacturers. Poor fonmation 
not only adversely affects a web or sheet appear- 
ance, but also affects its printabillty and other 
qualities. 

The traditional methods of classifying the for- 
mation of nonwoven webs and paper sheets have 
been with human inspection and off-line formation 
sensors. The describing of a given web or sheet as 
being good, not bad. floccy. streaky, etc.. is very 
relative and subjective. Studies in general have 
shown very poor agreement between visual and 
off-line formation sensors^ 

Tlie problem with off-line formation sensors is 
the time t)atw6en sample and results and also 
obtaining good profile measurements. At the 
speeds most modem nonwoven ar>d paper manu- 
facturers run thousands of yards of material can t>e 
off quality before tiie results from tiie lab are ob- 
tained. 

Studies made of variatioris in formations of 
paper webs have shown more variations across the 
web versus downweb. Therefore, the need for con- 
tinuous updating of formation profile measurements 
is important 

To help eliminate the problems with human 
inspection of webs and the use of off-line, sensors, 
manufacturers are starting to use single point for- 
mation sensors on-line. Some are fixed on the 
machine while others are slowly traversed across 
the web. I^ost of these sensors use the principle of 
comparing tiie light intensity of a small area 1 mm 
or less with a larger area, say of 30 mm dia or 
larger. A formation index Is based upon ttie inten- 
sity variation in the small area as compared to tiie 
average light intensity of tfie larger area. 

The problem to date with tiiese on-line single 
point formation sensors has been with ttie re- 



peatability of the results with changing machine 
speeds and products. Anotiier problem has been in 
getting rapid formation profile measurements 
across the web In less time than for example a 

5 minute of operation. 

A furtiier improvement to these on-line single 
point formation sensors is the use of a linear array 
CCD (charged coupled device) camera which looks 
at the variations in light intensities across tiie entire 

70 moving web witiiout traversing. This technology 
was an outgrowth of using linear array CCD cam- 
eras to inspect for defects in moving webs. Defects 
tike holes or dark spots would cause tiie light 
intensity at a given area in the web to exceed from 

75 its normal range and cross a given light or dark 
threshold, thus signaling a defect has been de- 
tected. One such system is being marketed by 
Albany International, the present applicants, under 
the name WEBSPECTM. 

20 In such a system an automatic, high-speed 
visual web inspection system is provided. A full 
web width high-intensity light source is used to 
shine through the moving web. A linear CCD cam- 
era with a zoom lens is focused on the streak of 

25 light passing through ttie web. The camera con- 
tains a gh/en number of solid-state, photo-sensitive 
devices used to detect the variation in light inten- 
sities across the web. An analog electrical signal, 
proportional to the light intensity detected by tiie 

3o' respective photo-sensitive devices, is sent to the 
computer system. Nonmally, all tiie photo-sensitive 
devices in the camera are used to scan the web 
once. Therefore, if ttie camera contains 2,048 de- 
vices, tiie number of picture elements or ''pixels" 

35 per scan would equal 2,048. 

The alalog signals from the devices are con- 
verted to digital for binary and digital Image analy- 
sis by the computer system. The analog signals 
from tiie camera are normalized, compared to 

40 threshold settings and processed witii a 68000 
microprocessor. An infonnation summary on the 
type, size and location of the defects detected can 
be either stored on disk or a hard copy made using 
a printer and a flagger is activated to place a flag 

46 adjacent a defect In a downweb direction. 

While such a defect identifier has proven em- 
Inentiy satisfactory for defect . detection, anotiier 
aspect of web analysis involves as aforenoted that 
of the fonmation of tiie web. The fonmation quality 

50 of paper Is defined as ttie degree of unifonmity 
achieved in tiie distribution of fiber mass. A well 
formed sheet is one where tiie fibers are very 
randomly dispersed ttiroughout ttie entire sheet 
Good fonnation is essential during papennaking 
because it strongly affects tiie appearance and 
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pnntability of the sheet. In general, poor formation 
adversely affects other sheet qualities* Well formed 
paper Is stronger, more uniform, easier to dry and 
allows the paper machine to run better. 

Describing a given paper sample or sheet as 
good, not bad, poor, floccy, streaky, etc., indicates 
that formation is very subjective. Studies by The 
Institute of Paper Chemistry (Paper Trade Journal. 
May 30, 1984) concluded that reproducibility of 
visual formation gradings between different observ- 
ers was relatively poor. A better fbnmatton grading 
was obtained between a Thwing-Albert formation 
tester and the average of the visual results. 

Because of these difficulties and the impor* 
tance of good fonnnation to the papermal<er. an 
effort has been made to devebp a so called 
"standared formation tester of sensor" which could 
be used either on or off line. Some of the testers 
developed over the years include the QNSM, NUl. 
MKS, Thwing-Albert, MicroscannerTM , Toyoseilci, 
LJppl<e and more recently the Opti PakTM All have 
been used by papermakers to help quantify the 
formation they were obtaining and to make quality 
improvements. 

However there exists a need for a full width 
real time formation sensor for paper machine ap- 
plications which has not heretofore been achieved. 
This is especially true, since on most paper ma- 
chines, variation In fonmation across the web (CD. 
or X.D.) is much greater than in the bdownweb 
direction. Therefore the need for full width forma- 
tion measurements versus single point or sample 
measurements heretofore utilized is clear. 

A problem with which the present invention is 
concerned is the provision of a method and ap- 
paratus for a full width formation system for web 
analysis. 

A further problem is the provision of such a 
system which is on line which gives full width 
formation indexes in real time. 

A yet further problem is the provision of such a 
systjsm which is particularly applicable to the 
paper-making industry. 

More particularly, the inventk>n is concerned 
with the problem of providing such a full width real 
time system which can include the following fea- 
tures: 

provides results that conrelate with visual Inspec- 
tion; 

provides results that are repeatable witiiout the 
need to do any calibration adjustments: 
provides results tiiat are independent of machine 
speed variations; 

may be used on any grade of paper where fonma- 
tion is important; 

Is dependable and readily adjusted to suit a given 
product or grade; and 

has the ability to store data such that trends, aver- 



ages and statistical analysis can be performed. 

According to the present invention, a method of 
analyzing a web of material for generating a fonnna- 
tion Index comprises the following steps: 

5 providing a light source on one side of tiie web of 
material for shining a light through tiie entire width 
of the web at a predetermined location; 
providing a sensor comprising at least one camera 
at a predetermined distance from the web of ma- 

10 terial on the opposite side of tiiat of the light 
source: 

scanning the entire width of the web across a path 
defined by the light source with said camera to 
sense and measure variations in light intensities in 

15 a pixel by pixel basis across said widtii; 

generating signals which correspond to tiie light 
intensity detected by said camera at respective 
pixels across said web width; 
assigning a predetermined value level wittiin a pre- 

20 determined range for said respective signals cor- 
responding to said pixel locations: 
normalizing each pixel to compensate for static or 
dynamic variations in light intensities through tine 
web of material; 

25 determining an average light intensity at predeter- 
mined locations across the web and calculating a 
formation index based upon adding tiie absolute 
differences in light intensity at the same pixel \oca- 
tions on successive scans and dividing the result 

30 by the average light intensity for said predeter- 
mined location; and 

generating a formation index for the entire widtti of 
the web by successive calculation of fomnation 
indexes taken across said web of material at suc- 

05 cessive predetermined locations. 

According to the present invention, a system 
for generating a fomnation index in real time for the 
full width of a web of material comprises: 
a light source for shining a light on one side of a 

40 web of material passing tiiereover at a predeter- 
mined location; 

a sensor means comprising a camera means posi- 
tioned at a predetermined distance from the web of 
material on tiie opposite side thereof from that of 

45 tiie light source; 

said camera means functioning to scan across the 
full widtii of tiie web across a path defined by tiie 
light source to measure the variations in light inten- 
sities over said widtii and generate signals which 

50 conrespond to tfie light intensity detected at re- 
spective predetermined pixel positions in ttie web; 
processor means for receiving said signals and 
processing said signals in real time to generate a 
formation profile for the full widtii of tiie web at 

55 predetermined intervals as said web passes said 
sensor means: and 

display means for displaying electronically in real 
time the fonmation profile of the web. 
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An embodiment of the invention described 
herein Involves the use of a linear array CCD 
camera to measure the variation of transmitted light 
through a moving web. The light intensities across 
the entire web are converted into analog electrical ' 5 
signals and in turn digital signals. Such signals are 
connected within a minimum and maximum range 
which may for example be t)etween a level of 0 to 
255. The analog signals from the elements would 
then be converted to digital values of t>etween 0 to io 
255. depending upon the DC voltage generated by 
the elements. The number of pixels used in the 
camera will depend upon the particular application. 
Typically these would be 1K, 2K or 4K line scan 
cameras. For example, if the camera contains is 
2.048 elements, the number of picture elements or 
pixels per scan would equal 2,048. 

The linear anray CCD camera is effective in 
determining differences in the formation of the pa- 
per web. A formation index is generated from the 20 
information generated by electronic scanning. The 
variation of light intensity of each pixel is 0 - 255 
which is a relative number and which is normalized 
for purposes of compensating for changes in B.W. 
(basis weight i.e. weight per unit area) and color, in 25 
addition to changes in intensity of the light source 
from one end to the other. The system continu* 
ously nonmallzes itself to compensate for static or 
dynamic variations in light intensity, such that the 
average or base line intensity is relatively constant 30 

The system measures the light Intensity for 
each pixel at various locations or positions within a 
predetermined segment or scan subdivided into 
cells. Each pixel value within each cell are deter* 
mined compared to one another with all the ab- ss 
solute differences therebetween determined and 
added up to achieve a value. The average pixel 
intensity for pixels within the cell is determined and 
is divided into this value. 

It should be noted that a major difference be- 4o 
tween a web Inspection system and a web forma- 
tion sensor, t)Oth using a linear array CCD camera, 
is that the inspection system only analyzes defect 
areas which cross the light Intensity threshold lint- 
its. In a formation measuring system, all light inten- . 45 
sity variations are measured for a given area and 
not just areas that exceed threshold limits. 

Another difference between an inspection and 
a formation measuring system Is basically in the 
method used to process the data obtained. With an so 
inspection system one wants to know the following: 

(a) Type of defect (light or daric)? 

(b) How big Is it? 

(c) Where is it located across the web? 

(d) Where is it at any time up web for 55 
flagging? 

However, with a formation measuring system. 



one is not looking for any single defects in a 
moving web, t)ut rather is continuously measuring 
the small variations in light intensities of small 
areas all across the moving web. The size of the 
small areas measured depends upon the type of 
web to be analyzed. For example, for paper webs 
the size of the pixel elements across web should 
be between 1.0 and 2.5 mm wide. Downweb the 
pixel size or distance between scans should be 
between 1.0 and 5:0 mm. As compared, on non- 
woven applications, the size of the pixel elements 
across web will be much larger than required for 
paper applications. Therefore, on nonwoven ap- 
plications, the pixel elements across web should be 
between 2.0 and 25 mm. 

Thus, it is readily apparent that these sytems 
while operative on the same web, do so in a 
different manner and for a different purpose, to 
obtain different results. 

By way of example, a method and a system in 
accordance with the invention will now be de- 
scribed with reference to the accompanying draw- 
ings, in which: 

Rgure 1 is a perspective somewhat sche- 
matic view of the system incorporating the teach- 
ings of the present Invention; 

Figure 2 indicates a schematic representa- 
tion of a cell cluster information index analysis: 

Rgure 3 indicates a breakdown of ttie in- 
dividual cells making up the cell cluster of figure. 2; 
and 

Rgure 4 represents the fonnation index gen- 
eration analysis. 



Detailed Description of the Drawings 

Turning now more particulariy to the drawings, 
a high intensity light source 10 is used to transmit 
a nanow beam of light ttirough the entire widtii of 
the moving web 12 of paper. The intensity of the 
light source is normally four or five times brighter 
than a standard fluorescent tube and is very uni- 
form from end to end. 

A linear anray CCD camera 14 is provided to 
continuously sense and measure the variations in 
light intensities over ttie entire web wkith. To moni- 
tor the entire moving web, tiie CCD camera is 
preferably installed at a height above tiie web 
equal to approximately 1.4 times 'ttie web width 
depending upon tiie focal lengtti lens used. The 
analog output signals from the camera are con- 
verted to digital values for analysis by a computer 
and monitor console generally designated as 16. A 
Motorola 68000 microprocessor has been found, 
suitable for tiie processing purposes. 

In many applications a 2K camera having maxi- 
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mum scan rate of 5,000 scans per second will be 
sufficient. The formation measurements would the 
be based upon 10 million measurements per sec- 
ond. This is approximately 100 times greater than 
the typical on line fonnation sensor being used 
today. The scanning rate of the camera can be 
regulated so as to correspond to various speeds of 
the web by way of a tachometer or pulse generator 
18 coupled to a roller 20 engaging the web 12. The 
faster the speed of the web 12, the faster the 
scanning rate and vice versa. 

The computer system and color monitor in the 
console 16 calculate formation information, and dis- 
play profiles, trends and averages. Historical data 
is stored for further analysis or downbading. 

At this point, it may be beneficial to review just 
what is involved in a CCD camera used in the 
system. The typical linear array CCD camera uses 
an anray of either 1024, 2048 or 4096 solid-state, 
photo-sensitive elements. These are often referred 
to as IK, 2K or 4K line scan cameras. Each photo- 
sensitive element is very small, only approximately 
13 microns square or .0005 inches. All the ele- 
ments are contained in an anray approximately 2.5 
cm or 1 inch long. Ihe elements are used to 
measure the variation in light intensities across the 
web. An analog electrical signal proportional to the 
light Intensity detected by an element is sent to a 
computer system for processing. Nonmally all the 
elements in the camera are used to scan the web 
once. Therefore, if the camera contains 2,048 ele- 
ments, the number of pixels per scan would t>e 
2.048 and so forth. 

The value assigned Is directly proportional to 
the total amount of light seeaby each element with 
0 value for minimum light and 255 for maximum 
intensity. In other words, each element can detect 
up to 256 different levels of light intensity. 

In developing a formation sensor system, the 
following factors should be considered in the exam- 
ple to be given: 

The minimum cross web measurement interval for 

formation profiles is 2.54 cm.; 

Maximum dynamic speed variations for any given 

paper grade will, be less tftan two to one; 

The floe size for a given product remains relatively 

constant; 

Measurements requiring high resolutions to detect 

paper sensitivity to wire marks are not necessary: 

Machine speeds will nonmally be within the 300 to 

1,200 meters/minute range; 

A formation profile update every 30 to 60 seconds 

is sufficient for most applications; 

The CCD camera can be and is located within 40 

meters of the console; 

Machines will have access for back iiluminatksn of 

the web and room to mount camera; 

and 



Web widths greater than 6 meters will require more 
than one CCD camera. 

As noted, the system is k30king at the entire 
web ail the time. Each time a camera scan is 

5 indicated, the system records the variations in light 
Intensities over 2.048 elements across the web, 
using a 2K camera This means with a 5 meter 
wide web. each element would be approximately 
2.5 mm wide. With a maximum scan rate of 5.000 

10 times per second, the downweb pixel size woukj 
also be 2.5 mm. long at machine speeds up to 
approximately 760 meters/minute. At machine 
speeds greater than this, the downweb pixel size 
would be greater. 

75 As to how a formation index is calculated, as 
shown in Rgure 2 the individual pixels are grouped 
into ceils. Each cell may contain 8. 10. etc. pixels 
across web by 8, 10. etc. scan lines long. The size 
of a cell, tx>th across and downweb. is a variable 

20 depending upon a given paper grade. 

For example, with a 10 by 10 pixel ceils as 
shown in Rgure 3, it has an overall dimension of 
approximately 2.5 by 2.5 cm. As previously stated, 
the system is able to measure up to 256 different 

25 levels of light intensities. These levels are only 
relative measurements of light intensities. The sys- 
tem normalizes each pixel to take care of changes 
in B.W. and color of the sheet plus any difference 
in the intensity of the light source from end to end. 

30 Therefore, the system is continuously normalizing 
itself to take care of static or dynamic variations in 
light intensities through the sheet such that the 
average or base line intensity is relatively constant 
What the formation system is doing is measuring 

35 the variations in light from an average value. 

A formation index is calculated for a given web 
segment by the following method. Using the pixel 
values given in two 10 by 10 cells one right after 
the other in the downweb direction as shown in 

40 Rgure 2, a matrix notation P|,j is used to identify 
the given pixels in the cell. The sut>script i refers to 
the pixel location in a given column, with j referring 
to the location in a given row. Therefore, pixel Po,9 
location would be the one located Jn column o, row 

45 9 after the initial scan or row as shown in Rgure 3. 

The method for calculating the formation index 
of a web segment is shown in association with 
Rgure 4. In association with the algorithm R = | 
Po:o - Pa;to I + I Po;i - Po;i i I through | p^ib - Pa:i9 

50 I continuing to | P9;9 - P9;i9| divided by Pave of Po;© 
through P9;t9, all the absolute differences in light 
intensities are added comparing the same pixel 
location t)etween the two 'different cells and divid- 
ing the results by the average intensity of all the 

55 pixels within the two cells. The formation index 
calculated is a rough approximation of the RMS of 
variations in light intensities. The procedure is re- 
peated in this example say ten times within the 
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same web segment and the resulting formation 
index average is then reported for that segment 
The same caicutations or procedures are done for 
all the other web segments across the web. 

The numlDer of formation index measurements 
across the web depends upon ceil size and web 
width. For a 5 meter wide web with 2000 pixels per 
scan. (10 pixels across per cell, 200 cells) approxi- 
mately 200 formation index measurements across 
the web per profile display would exist. This is 
sufficient cross web resolution for most paper met- 
chines since the typical distance between slice 
adjustments on most headboxes is around 15 cm. 
The formation index measurements may be every 
2.5 cm. 

The system will update the formation profile of 
a given web approximately every 30 seconds or at 
any other interval desired. Along with profiles, the 
monitor will also display targets, averages and 
trends. If desired, the sytem may down toad this 
fonmation profile information to a mill wide com* 
puter system for further analysis. The system also 
has the potential for the mill for close loop control 
of fonmation. 

The formation inspection provided by the 
method and system described above is clearly 
distinct from any defect inspection and offers a 
substantial improvement over prior method of in- 
spection in this regard. 



Claims 

1. A method of analyzing a web of material for 
generating a formation index comprising the follow- 
ing steps: 

providing a light source on one side of the web of 
material for shining a light through the entire width 
of the web at a predetermined location; 
providing a sensor comprising at least one camera 
at a predetermined distance from the web of ma- 
terial on the opposite side of that of the light 
source; 

scanning the entire width of the web across a path 
defined by the light source with said camera to 
sense and measure variations in light intensities in 
a pixel by pixel basis across said width; 
generating signals which correspond to ttie light 
intensity detected by said camera at respective 
pixels across said web widUi; 
assigning a predetermined value level within a pre- 
determined range for said respective signals cor- 
responding to said pixel locations; 
normalizing each pixel to compensate for static or 
dynamic variations in light Intensities through the 
web of material: 

detennnining an average light intensity at predeter- 
mined locations across the web and calculating a 



formation index based upon adding the absolute 
dif^ences in light intensity at tiie same pixel loca- 
tions on successive scans and dividing the result 
by tiie average light intensity for said predeter- 

s mined location: and 

generating a formation index for the entire width of 
the web by successive calculation of formation 
indexes idken across said web of material at suc- 
cessive predetermined locations. 

fo 2. The method in accordance witii claim 1, 
wherein tfie rate at which the camera means scans 
is adjusted to tiie speed of the web. 

3. The method in accordance witii claim 1 or 
claim 2, which includes calculating the formation 

IS index by the following steps: 

dividing the scanning area of the camera across 
the web Into web segments: 
dividing the web segments into a cluster of cells; 
dividing ttie cluster into subdivisions of successive 

20 cells which follow one after tiie otiier along the 
scan line as the web moves thereacross, said cells 
comprising a predetermined number of pixels; 
determining the sum of the absolute values of 
respective pixels for respective successive cells 

25 and the average value for all the pixels in said cells 
to generate a formation index; and 
generating a fomnation index for ail tiie cells in tiie 
cluster and for all the clusters in tiie web segment 
to generate in real time a formation index across 

30 the entire width of the web. 

4. The method in accordance with any one of 
the preceding claims, which includes tiie step of 
providing a sensor comprising a linear anray CCD 
camera 

35 5. A system for generating a fomnation index in 
real time for tiie full widtti of a web of material 
comprising: 

a light source for shining a light on one side of a 
web of material passing tiiereover at a predeter- 

40 mined location; 

a sensor means comprising a. camera means posi- 
tioned at a predetermined distance from tiie web of 
material on the opposite side tiiereof from tiiat of 
the light source; 

45 said camera means functioning to scan across tiie 
full widttt of tiie web across a patti defined by the 
light source to measure the variations in light inten- 
sities over said widtii and generate signals which 
correspond to tiie light intensity detected at re- 

60 spective predetermined pixel positions in tiie web; 
processor means for receiving said signals and 
processing said signals in real time to generate a 
formation profile for tiie full widtti of tiie web at 
predetennined intervals as said web passes said 

55 sensor means; and 

display means for displaying electronically in real 
time the formation profile of the web. 
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6. A system in accordance with claim 5, which 
includes pulse generator means for generating a 
signal conresponding to the speed of the web for 
adjusting the rate of scan of the camera means of 
the web. 

7. A system in accordance with claim 5 or 
claim 6, wherein the processor means in conjunc- 
tion with the sensor means divides electronically 
sections of the web during the scanning thereof 
into web segments which in turn are brol^en down 
Into cell clusters, cells and respective pixels for the 
respective cells; said camera means generates a 
signal on each scan for each respective pixel cor- 
responding to the light intensity thereof and said 
processor means uses said signals and signals 
from respective scans to generate a formation in- 
dex for the respective ceifs. cell clusters, web 
segments and the entire width of tiie web. 

8. A system in accordance with any one of 
claims 5 to 7. wherein said camera means com- 
prises a linear array CCD camera, 

9. A system In accordance with claim 7. 
wherein tiie formation index is based upon adding 
the at)solute differences on adjacent pixels within a 
given cell and dividing the results by the average 
light intensities of the cells being compared. 
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